The practice of continuous spinal anaesthesia dates back to the beginning of the century. The history of the technique, and the problems which accompanied each method used, are reviewed. Complications encountered in current practice include post dural puncture headache; technical difficulties with insertion and removal of catheters; and a higher potential for nerve trauma, neurotoxicity, and method failure than seen with single-shot spinal anaesthesia. The question of the place of the technique in modern anaesthesia is addressed.
Continuous spinal anaesthesia (CSA) is an old technique which has recently experienced a revival. Its invention arose from a desire to obtain the relative benefits of spinal anaesthesia over chloroform and ether anaesthesia, i.e. its excellent muscle relaxation and safety, while avoiding the limitations of single-shot spinal techniques, such as inability to prolong the block, or to titrate the amount of drug injected to achieve the desired level of blockade.
In 1907, in a paper presented to the British Medical Association's 75th Annual Meeting, H. P. Dean l described the benefits of 'lumbar anaesthesia'. He added that it was his practice commonly to leave the needle 'in situ' for further increments of the local anaesthetic stovaine, which he advocated be used in lieu of the 'poisonous and treacherous' drug cocaine, but which had a duration of effect as short as twenty-five minutes. He made no mention of the obvious potential for needle breakage or dislodgement, or nerve and tissue trauma, especially when the patient had to be moved after lumbar puncture into the operating position.
In 1939 Lemmon 2 described his use of a 17-gauge malleable needle of 'German silver', to be left in situ and connected to a length of rubber tubing and luer lock. He used a special split mattress on which lumbar puncture was performed prior to the patient being rolled into the operative position and the block induced. This was felt to reduce the incidence of cardiovascular instability associated with movement of the patient after spinal anaesthesia had been performed. The malleable needle tended not to break as readily. However, its softness made it difficult to insert and its easily blunted bevel did not readily pierce the dura. 3 Captain Edward Tuohy of the V.S. Army Medical Corps in 1944 wrote of his experience with a new technique involving the use of an ureteral catheter inserted through a 15-gauge spinal needle. 3 He felt that this reduced the risks of dislodgement and breakage and, not requiring a special mattress, allowed greater mobility ofthe patient on the table. He stated that the incidence of post-spinal headache had been no greater than that seen with single-shot spinal anaesthesia, but provided no statistical evidence for this and did not specify whether this referred to lumbar puncture with similar sized needles to those he employed for CSA (presumably an uncommon practice). He did encounter difficulties relating to the random direction taken by the catheter when it exited the end of the needle, commenting on the need to at least double the volume of procaine injected if it appeared clinically that the catheter had passed caudally. It was his practice to bend the needle-tip slightly to facilitate cephalad movement of the catheter. The following year, his technique evolved to include use of a Huber point on the needle to achieve this. He carefully inspected the catheter for signs of deterioration before use and never used one more than half a dozen times. Touhy pointed out that, to avoid shearing, the catheter should never be withdrawn through the tip of the needle. The stiff No. 4 catheter rarely (0.8% incidence) failed to be successfully inserted into the subarachnoid space.
Lemmon's and Tuohy's techniques became widely used and in 1950 Oripps compared them with single-shot spinal anaesthesia in 3000 patients retrospectively. 4 He found that the ureteral catheter technique was accompanied by the highest incidence of problems, especially patchy or failed block, with a high incidence of paraesthesia. The malleable needle dislodged most frequently (3.7%). Both techniques had a significantly higher overall rate of failure than single-shot spinal anaesthesia (see below). The frequency of these problems was high enough to prompt him to recommend that CSA be used less often. He favoured either general anaesthesia or single-shot spinal anaesthesia using the longer-acting agents then available (amethocaine or cinchocaine) with which anaesthetists were becoming more familiar. In the following decades, improvements in general anaesthetic agents and techniques were accompanied by the development of relaxant anaesthesia to achieve operating conditions as good as those previously obtainable only using spinal anaesthesia. CSA became a rarity, although it continued to have its exponents.
We have witnessed a resurgence of interest in the technique in the 1980s. Most work up until the last few years has centered around the use of I8-gauge needles and 20-gauge epidural catheters for spinal anaesthesia, but more recently the development of specialised, smaller calibre needle and catheter sets has provided further incentive to investigate the potential of CSA.
COMPLICATIONS AND OISADV ANT AGES
The complications of CSA include all those that are associated with use of local anaesthetics and spinal anaesthesia in general. However, this article will deal only with those complications which are either specific to CSA or which might be more common or more severe with CSA than with singleshot spinal anaesthesia.
Time
CSA is a more time-consuming procedure. In argument, however, it may be advantageous to be able to insert the catheter prior to commencing the case, and then induce the block with ease when ready on the operating table, especially with highrisk patients in whom changes in level of the blocks and cardiovascular instability may occur during movement. 6 
Post dural puncture headache (PDPH)
It is now accepted that POPH is due to leak of cerebrospinal fluid and that its severity is proportional to the size of the dural puncture. It follows that where the need for a catheter leads to an increase in needle size above that normally required for successful lumbar puncture in a given patient, there will be an increased risk of POPH. This has always been a major reservation regarding the technique prior to the advent of smaller needle and catheter sets.
Comparison of the incidence of POPH between CSA and single-shot spinal anaesthesia is difficult. This is because of the wide variation in reported incidence of POPH following lumbar puncture in general, as well as the small size of many series, and lack of control over such important factors as population age, direction of needle bevel, patient position after dural puncture, care in follow-up, etc.
Kallos in 1972 7 reported no POPH among 121 patients undergoing CSA with 18-gauge needles and 20-gauge catheters (Table I) . However, no indication was given of the methodology of follow-up or whether the study was retrospective or prospective. A third of the patients were under 60 years of age but, the authors pointed out, the routine use of prolonged periods of bedrest after many procedures may have masked some cases of POPH. Palas 8 also reported no headache among 50 cases of CSA using 18-gauge needles, but again he provided no details of methodology of follow-up and the average age of patients in his series was very advanced (80 years).
Insufficient duration of follow-up may explain some of the wide discrepancies between reported incidence from different studies of POPH and other neurological complications of spinal anaesthesia. Peterson 9 in 1983 encountered no headache among 52 patients using 18-gauge needles and 20-gauge catheters. However, his follow-up period was only one to two days which may well be inadequate. Vandam and Orippslo in 1956 found in their large series, in which 'the practice of ... early ambulation was followed as frequently as possible', that in 60% of cases of POPH, headache did not begin until at least two days after operation.
In 1987, Oenny, II in a prospective study of 117 cases with follow-up for seven days postoperatively, reported only one case of PO PH in a population of average age 63 years using 18-gauge needles and 20-gauge catheters. This surprisingly low figure appears at variance with previously reported figures regarding incidence of headache following lumbar puncture with similar sized needles. Oenny suggested that the presence of a catheter left at the site of dural puncture might excite a local inflammatory reaction reducing leak of cerebrospinal fluid, and quoted animal data to support this. However, this data involved spinal catheters left in situ for three weeks rather than hours and is of dubious relevance. 12 In the majority of studies the reported incidences of POPH are similar to those reported over the years for POPH following lumbar puncture or single-shot spinal anaesthesia. These have ranged, in populations of average age 55 years or more, from 10-27% for 18-gauge needles,13,14 to 4-11 % for 22-gauge l5 , 16 and 8% for 25-gauge needles. 17 Similar problems to the abovementioned are met when comparing the incidence of PO PH following CSA with different sized needles and catheters ( Table 1) . The low incidence of headache in Oenny's study, in particular, has been quoted by commentators who consider attempts to develop microcatheter systems unnecessary.18 However, other, albeit smaller, studies suggest a higher incidence of POPH with 18-gauge needles and 20-gauge catheters than reported by the above authors. The incidence appears to be less with smaller calibre sets, Giuffrida's 1972 series l9 was carried out on an obstetric population using a 21-gauge needle and compatible catheter, the smallest calibre equipment then available, and his 16% incidence of POPH is not surprising in this group, Bizzari,2o using similar needles and catheters, reported no headache among a relatively young population with follow-up for at least three days. In Hurley's series 21 of 57 patients, using a microcatheter, the average age was 50 years, yet his overall incidence of POPH was only 3.5%. Unfortunately, no details of method and duration of follow-up are provided yet again.
No single study has achieved the population numbers to allow a statistically significant comparison between different sizes of needle and catheter. Such a large study is awaited still.
Anticoagulation and spinal catheters
Concerns exist regarding the potential for bleeding and formation of epidural haematoma when a patient is anticoagulated with a spinal or epidural catheter in situ. However, in a series which included 847 patients with spinal catheters who were anticoagulated with bolus heparin intra-and postoperatively, Ra0 22 encountered no neurological complications suggestive of neuraxial haemorrhage. Patients in whom blood was aspirated from the needle during insertion were excluded and given general anaesthesia, and catheters were removed one hour prior to the next dose of heparin, when anticoagulation would be minimised. The degree of anticoagulation was monitored in all patients and those with preexisting coagulopathy excluded. The series also followed 3000 epidural catheters in which no major sequelae occurred either. With such precautions taken, it would appear that insertion of a spinal catheter is not contraindicated in patients likely to be anticoagulated subsequently.
Infection
Infection with the potential for septic meningitis or epidural abscess is a serious complication most likely with longterm use of spinal catheters for chronic pain. Although reports in the literature are 25 In contrast to epidural anaesthesia, the volumes of local anaesthetic injected are usually insufficient to produce clinically serious sequelae such as high block or systemic toxicity.
Technical difficulties
Being a more complicated procedure than single shot spinal anaesthesia, CSA is prone to a number of technical problems which may contribute to morbidity or method failure ( Table 2) . Some of these are more common with smaller needle and catheter sets. However, comparison of the efficacy of different gauges is clouded by developments in technology which may render sets of the same gauge from different manufacturers unequal in performance.
(a) Problems are commonly encountered with insertion of the catheter into the subarachnoid space, once it has been located with the spinal needle (Table 3 ). Most commercially produced sets are supplied with a stylet and threading aid to minimise these difficulties. Manoeuvres which have been recommended to deal with this include rotating the needle, rotating or flushing the catheter as it is advanced, or withdrawing the needle slightly before advancing the catheter. 25 Kestin 28 encountered this problem in their series of 20 patients each, nor did Drasner 31 or Baker 30 using 28-gauge catheters in 30 and 26 patients respectively. In the latter part of his series, Hurley left the stylet in situ during use of the catheter but a breakage still occurred.
In addition, the potential for shearing of the catheter means that it should never be withdrawn through the end of the needle once inserted past the point. 3.25.26 Management of the broken or sheared spinal catheter depends partly of the site of the fragment, its size and likely depth below the skin. Superficial fragments may be easily retrievable, but catheter breakage at the point where it penetrates the ligamentum flavum, the point where surrounding tissues grip the catheter most firmly, presents a much more difficult problem.
Most writers on the subject have referred to the recommendations of Bromage 32 on the management of broken epidural catheters. More recently Hurley suggested management of a sheared or broken spinal catheter along similar lines. The patient should be informed and reassured that 'a piece of sterile catheter retained in the back has rarely been associated with clinically important problems'. In general it is prudent to leave the fragment alone. 25 Nevertheless, it may be thought wise to seek a neurosurgical opinion. Radiological attempts to locate the fragment may be warranted, although visualisation of even a radio-opaque fragment against the background of the spinal column may be impossible. 32.33 (e) The potential for catheter knotting, either around a nerve root or simply preventing its easy removal, has led to recommendations by Hurley and by manufacturers that the length of catheter left in the subarachnoid space be limited to 2 or 3 centimetres. 25 ,34 This increases the risk of catheter dislodgement (g) but this should generally be avoidable with careful securing of the catheter to the skin. (f) Kinking of the catheter is an occasional complication seen less frequently with more modem materials, which will not occlude even if knotted. However, kinking may cause difficulty with removing the stylet. 26 Nevertheless, smaller retrospective studies had been published sporadically, demonstrating alarmingly high incidences of these complications in given institutions. The much higher incidence of paraesthesia with spinal catheters was first demonstrated by Dripps4 (33% in his series) in 1950, and raises the possibility of an increased incidence of nerve trauma and potential neurotoxicity of local anaesthetics. The frequency of this problem has been confirmed by Baker 30 who encountered a 22.9% incidence of paraesthesia or nerve root pain, commonly associated with difficult insertion of the catheter. The importance of this was suggested by Vandam and Dripps38 who demonstrated that, despite the rarity of major neurological complications in their series of 10,098 spinal anaesthetics, those syndromes which did occur (19 patients) followed difficult or traumatic lumbar puncture with the production of paraesthesias.
The potential for neurotoxicity associated with CSA in particular has been brought to attention by a recent article by Riglec4 2 describing four cases of cauda equina syndrome following soon after CSA, among a series of several thousand patients. 43 As they point out, the possible association of the continuous technique with cauda equina and other lesions was raised as long ago as 1946 when Nicholson and Eversole 44 reported three cases of such complications in their own institution, two of which had involved CSA. In 1950 Kennedy45 reported 12 cases of permanent neurological sequelae consistent with adhesive arachnoiditis following spinal anaesthesia. At least five of these had involved CSA, although in their article they did not identify the continuous technique as a contributing factor in itself. In 1956, Payne 46 suggested an association between the development of adhesive arachnoiditis and use of intrathecal local anaesthetics. He implicated continuous spinal techniques as posing most danger in this regard because of their potential for exposing neural tissue to prolonged and repeated doses of these agents. Others have reported longterm sequelae associated with the injection, deliberate or inadvertent, of large doses of local anaesthetic into the subarachnoid space, and in the early 1 980s several such cases associated with the use of 2-chloroprocaine attracted considerable attention. 47 ,48 Common to all four of Rigler's cases was the use of relatively large doses of hyperbaric solutions of local anaesthetic either initially or over a period of time. In two of the cases a block which was patchy initially (in the wrong leg in one case and only sacral in the other) was managed by injecting larger volumes of the same solution, perhaps with a change of patient position to try to aid spread.
Rigler has postulated, supported by some animal and in vitro data, that such concentrated, hypertonic solutions of local anaesthetic may have a direct toxic effect on nerve tissue. This effect may be more potent on unmyelinated autonomic fibres. There is the possibility of pooling of the solution in the sacral curve, such that high concentrations may be achieved. Such a mechanism had been suggested in 1937 by Ferguson, 49 in the setting of single-shot spinal anaesthesia, in a series of 14 cases of cauda equina syndrome associated with the use of hyperbaric solutions of procaine.
In addition, however, CSA provides an even greater possibility of inadvertent directing of local anaesthetic solution into the sacral curve if the catheter passes caudally. Morch 5o has demonstrated that these factors can in fact combine when hyperbaric solutions are used in CSA. In a patient with failed block, in whom unintentional placement of a spinal catheter in the sacral curve had been revealed radiographically, concentrations of lignocaine in the sacral cerebrospinal fluid were found to be up to 20 times higher than those measured in patients with correctly sited catheters. Recent work by Rigler and Drasner 51 and Hurley and Lambert 52 using artificial models of the subarachnoid space, has demonstrated that this phenomenon occurs reproducibly with hyperbaric solutions of local anaesthetic, and that CSF concentrations achieved with isobaric or hypobaric solutions are considerably less due to wider spread and less pooling.
Furthermore CSA possibly predisposes to incomplete block 4 where single-shot spinal techniques might not, due to maldistribution of the agent in the subarachnoid space, provoking the anaesthetist to attempt to remedy the problem by giving repeated doses and compounding the danger. It has been suggested that the lower flow rates achievable when injecting through a smaller bore catheter (28 gauge or less) increase the potential for non-uniform distribution of local anaesthetic, and use of the microcatheter has been singled out as a risk for the development of cauda equina syndrome. However, in the study by Rigler and Drasner 51 it appeared that the useofa 28-gauge catheter provides equal spread of hyperbaric local anaesthetic solution to that achieved by 20-gauge catheters at injection rates typically produced by clinicians using the technique. Provided that the rate of injection was as rapid as possible (1 ml in 20 seconds or less), the authors claimed that spread of solution from a 28-gauge catheter was better, presumably due to the higher velocity at which the solution exits the catheter tip, although there is little evidence of this in the objective data they present.
In pursuit of safe guidelines for the subarachnoid administration of local anaesthetics using CSA, Rigler recommended inserting a minimal length of catheter into the space to avoid maldistribution, using minimum effective concentrations of agents and limiting the volume injected to the lowest required by assessing the block after a test dose; and if mal distribution is suspected to employ measures early to improve the spread ofthe agent, other than giving repeated injections of the same agent. These include changing the patient position, spinal curvature, position of catheter or using a solution of different baricity. It might also be added that the necessity for using hyperbaric solutions is questionable when the anaesthetist has the ability to carefully titrate the dose of local anaesthetic to achieve the optimal level of block using isobaric solutions. If these measures fail to readily correct the problem, the technique should be abandoned in that patient.
Method failure
Failure of the technique can be viewed from two standpoints: inadequate anaesthesia after apparently successful insertion of the catheter; and overall method failure, which includes the former as well as failure due to the technical problems already discussed. Failure of anaesthesia, despite a catheter being sited in the subarachnoid space, has been reported with widely varying incidence by different workers (Table 4 ). Sutter,53 in a series of 457 patients, found a 1.7% rate of failed anaesthesia following insertion of a spinal catheter. However, other workers have reported more frequent occurrence of this complication. Hurley21 reported only two cases of inadequate anaesthesia among his 57 patients (3.5%) but Baker 30 encountered an 11.1 % (5/45) incidence of inadequate block after successful catheter insertion. While Peterson 9 encountered no failures among 52 cases, Dennyll reports a 5.1 % (6/117) rate of failed block. Cohen's54 series of 10 patients managed in labour, after accidental dural puncture, by insertion of an intrathecal catheter, contained two patients who required supplementation with subarachnoid opioid. In Gold's study,55 there were two patients in whom cerebrospinal fluid was unable to be aspirated from the catheter, leading to their exclusion from his study.
The incidence of overall method failure appears to be related to catheter size to some extent ( Incomplete block, in the presence of a successfully sited subarachnoid catheter, had a higher incidence. In 6.7% of cases using the ureteral catheter technique there was failure of the method due either to 'slow rise, inadequate level' or 'no anaesthesia', compared with 1.9% of cases of singleshot spinal anaesthesia. (Interestingly the incidence of inadequate anaesthesia was lowest with the malleable needle technique, i.e. 1.0%. Apgar 57 encountered a similar incidence using the malleable needle). Since Dripps' paper there has been a paucity of data comparing CSA with singleshot spinal anaesthesia in regard to method failure.
The figures quoted in Tables 4 and 5 compare unfavourably with that given by Dripps for failed block with single-shot spinal anaesthesia. The wide variation in the reported incidence of failure of block with spinal anaesthesia makes comparison of failure rates between the continuous and singleshot techniques difficult. There have been few modem studies specifically designed to investigate the rate of failure in single-shot spinal anaesthesia. Munhall 58 encountered a 4% incidence of overall failure, with 75% of these due to failure of block after apparently successful identification of the subarachnoid space. Manchikanti 59 retrospectively found a similar incidence. The reported rates of failure of CSA in the presence of a successfully sited spinal catheter, as listed in Table 4 , are comparable to these figures. However, overall method failure does appear to be more common.
DISCUSSION
Due to the apparently higher incidence of method failure with CSA, as well as the other difficulties described above, some commentators have questioned whether CSA really has a place in modem anaesthesia. 6O In this day of reliable and relatively safe general anaesthesia and of both epidural anaesthesia and longer-acting local anaesthetic agents for spinal injection, it is questionable whether CSA offers any significant advantages; whether the anaesthetist actually compromises, for little potential gain, his fundamental obligation to provide the patient with adequate anaesthesia at all times.
However, it may be argued that this obligation is also for safe anaesthesia. It is precisely in that group of patients at greatest risk from surgery and anaesthesia, the ASA IV patient, that there are the greatest potential benefits to be had from a technique which can be titrated against response with relative ease and reliability.6,61 In this regard it promises superiority over continuous epidural anaesthesia, which has long had a place in anaesthetic practice but which is less reliable 53 and involves equal if not greater danger of local anaesthetic toxicity, either regional 47 ,48 or generalised. 53 The lesser potential of CSA for cardiovascular instability compared with singleshot spinal anaesthesia has also been demonstrated. 6 In the last year, however, concerns about the use of CSA have centered on its safety regarding the incidence of cauda equina syndrome. Justifiably or otherwise, the use of microcatheters has been identified as a particular risk, to the extent that the FDA in the United States has very recently withdrawn manufacturer's marketing approvals for intrathecal catheters smaller than 27-gauge.
In conclusion, CSA is an old technique which for several decades has been looking for a niche in anaesthesia. It continues to attract interest because of its possible benefits particularly in high-risk patients and for prolonged procedures. However, like any technique it has its dangers to be understood and carefully avoided, and should be applied where, in a given patient, its perceived benefits are considered to outweigh its risks.
